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Indian Standard
FIBRE OPTIC BRANCHING DEVICES Generic Specification
NATIONAL FOREWORD This Indian Standard which is identical with IEC Pub 875-l : 1992/(X 810000 ( 1992 ) `Fibre optic branching devices: Part 1 Generic specification' issued by the International Electrotechnical Commission ( IEC 1, was adopted by the Bureau of Indian Standards on the recommendation of the fibre Optics Sectional Committee, LTD 27 and approval of the Electronics and Telecommunication Division Council. Wherever the words `International read as `Indian Standard'. CROSS REFERENCES ln this Indian Standard the respective place the following:
International

Standard'

appear, referring

to this standard,

they

should

be

following

International

Standards

are referred

to.

Read in their

Standard

Corresponding

Indian Standard

IEC QC 001001 ( 1986 ) Basic rules of the assessment system for IEC quality electronic component-s ( IECQ ) IEC QC 001002 ( 1986 ) Rules of procedure of the !EC quality assessment system for electronic components ( IECQ ) IEC 617-10 ( 1983 ) Graphical symbols for Telecommunidiagrams - Part 10 : cations: Transmission IEC 695-2-2 ( 1980 ) Fire hazard testing methods - Needle-flame Part 2 : Test test

IS QC 001001 : 1988 Basic rules of the IEC quality assessment system for electronic components ( IECQ ) IS QC 001002 : 1988 Rules of procedure of the IEC quality assessment system for electronic components ( IECQ ) IS 12032 ( Part 10 ) : 1991 Graphical symbols for diagrams in the field of electrotechnology: Part 10 Telecommunications: transmlssion IS 11000 ( Part 2/Set 2 ) Fire hazard testing : Part 2 Test methods, Section 2 Needle-flame test

The technical committee responsible for the preparation of this standard has reviewed the provisions of the following International Publications and has decided that they are acceptable for use in conjunction with this standard: IEC 27-l ( 1971 ) Letter symbols to be used in electrical technology, Part 1 : General. Amendment4 (1983) IEC 50 ( 581 ) : 1978 International Electrotechnical vocabulary ( IEV ) - Chapter 581 : Electromechanical components for electronic equipment IEC 68-l : 1988 Environmental testing - Part 1 : General and guidance IEC 68-2-l IEC 68-2-2 IEC 68-2-2 : 1990 Environmental : 1974 Environmental : 1974 Environmental testing testing testing Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests Test Ca : Damp heat, steady state Test Sa : Simulated Fc and solar radiation Vibration Tests A : Cold Tests B : Dry heat

IEC 68-2-3 : 1969 Environmental IEC 68-2-5 : 1975 Environmental at ground level IEC 68-2-6 : 1982 Environmental ( sinusoidal ) IEC 68-2-7 : 1983 Environmental steady state

testing testing testing testing -

Part 2 : Tests -Test Part 2 : Tests -

guidance:

Test Ga and guidance:

Acceleration,
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IS QC 810000 : 1994 IEC QC 810000 : 1992 IEC 68-2-9 IEC 68-2-l IEC 68-2-l IEC 68-2-13 : 1975 Environmental 0 : 1988 Environmen? 1 : 1981 Environmental : 1983 Environmental testing Part 2 : Tests Guidance for solar radiation testing Part 2 : Tests - Test J and guidance: Mould growth Part 2 : Tests - Test Ka: Salt mist Test M : Low air pressure Test N : Change of temperature, Amendment : Shocks : Bump : Damp temperatest for 3 Part 2 : Tests Part 2 : Tests Part 2 : Tests Part 2 : Tests -

testing testing testing testing testing testing testing -

Part 2 : Tests -

!EC 68-2-14 : 1984 Environmental Amendment 1 ( 1986 ) [EC 68-2-17 ( 1989) lEC 68-2-27 lEC 68-2-29 : 1978 Environmental

Test Q : Sealing. Test Ea and guidance Test Eb and guidance Db Z/AD and

: 1974 Environmental : 1987 Environmental

lEC 68-2-30 : 1980 Environmental testing .- Part 2 : Tests - Test heat, cyclic ( 12 + 12 hour cycle ). Amendment 1 ( 1985 ) .lEC 68-2-38 : 1974 Environmental ture/humidity cyclic test IEC 68-2-42 : 1982 Environmental contacts and connections testing testing Part 2 : Tests Part 2 : Tests Test

guidance

: Composite dioxide

Test Kc : Sulphur

of components, equipIEC 68-2-47 : 1'982 Environmental testing - Part 2 : Tests --`Mounting ment and other articles for dynamic tests including shock ( Ea > bump ( Eb ), vibration ( Fc and Fd ) and acceleration ( Ga ) and guidance IEC 68-3 Environmental I EC 410 : 1973 Sampling IEC 419 : 1973 specifications IEC 793-l IEC 794-l IEC 874-l testing Part 3 : Background information by attributes periodic inspection procedures in

plans and procedures

for inspection

Guide for the inclusion of lot-by-lot and for electronic components ( or parts ) fibre: Part 1 Generic specification fibre cables

: 1989 Optical : 1987 Optical

: Part 1 Generic specification. fibres and cables -

Amendment

1 ( 1989 )

: 1987 Connectors

for optical

Part 1 : Generic specification structures for quality definitions, assessment methods and

Specification IEC Guide 102 : 1989 Electronic components. ( Qualification approval and capability approval ) IS0 129 : 1985 Technical drawings - Dimensioning of execution and special indications IS0 286-l fits : 1988 IS0 system of limits and fits -

General principles,

Part 1 : Bases Part 2 : Tables

of tolerances, of standard

deviations tolerance

IS0 286-2 : 1988 IS0 and limit deviations

system of limits and fits for holes and shafts dimensions Conversion

grades

IS0 370 : 1985 Toleranced

from inches into millimetres

and vice versa other

IS0 1000 : 1981 SI units and recommendations units

for the use of their multiples

and of certain

ISO 1101 : 1983 Technical drawings - Geometrical tolerancing - Tolerancing symbols, indications tation, location and run-out - Generalities, definitions, IS0 8601 : 1988 Data elements sentation of dates and times and interchange formats Information

of form, orienon drawings Bepre-

interchange Indian

Ti!is standard is intended primarily for use under the IECQ system. A regular fey this component could be different, identical or similar to this standard. Only the English language it in this !ndlnn Standard. text of the International Standard has been

Standard

retained while adopting
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SECTION 1 :

GENERAL

1.1

Scope

end object

`This part of IEC 875 is applicable following general features: - they are passive elements;
-

to fibre optic branching

devices.

These have all of the

in that

they

contain

no optoelectronic

or other

transducing power and

they have three or more ports for the ingress and/or egress of optical share optical power among these ports in a predetermined fashion;
-

the ports are optical fibres or optical fibre connectors.

in this generic specification, fibre optic branching devices are classified by wavelength dependence into two sub-families: non-wavelength selective and wavelength selective devices, each of which will be treated in separate sectional specifications.

The object of this generic specification
_ c

is to establish uniform requirements

for the following:

optical, environmental classification

and mechanical properties or performance;

of fibre optic branching devices: procedures; methods;

-

quality assessment test and measuring safety aspects.
.

1.2

Normative

references

The following standards contain provisions which, through reference in this text, constitutes provisions of this part of IEC 875. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements based on this part of IEC 875 are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below. Members of IEC and IS0 maintain registers of currently valid International Standards.

IEC QC 001001: 1986, Basic rules of the /EC quality assessment components (IECQ). IEC QC 001002: 1986, Rules of procedure electronic components (IECQ). of the /EC qualify

system for electronic

assessment

system

for

IEC 27-I: 1971, Letter symbols to be used jn electrical technology - Part 1: General. Amendment 4 (1983).

IS QC 810000: IEC QC 810000:
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IEC 50(581): 1978, International Electrotechnical Vocabulary (IEV) - Chapter 587: Electromechanical components for electronic equipment. IEC 68-l : 1988, Environmental IEC 68-2-l: testing - Part 1: General and guidance.

1990, Environmental testing - Part 2: Tests - Tests A: Cold. testing - Part 2: Tests - Tests B: Dry heat. (1987 reprint

IEC 68-2-2: 1974, Environmental includes IEC 68-2-2A.)

IEC 68-2-3: 1969, Environmental testing - Part 2: Tests - Test Ca: Damp heat, steady state. (1985 reprint includes Amendment 1.) IEC 68-2-5: 1975. Environmental radiation at ground level. testing
- Part 2: Tests

- Test Sa: Simulated

solar

IEC 68-2-6: 1982, Environmental testing - Part 2: Tests - Test Fc and guidance: (sinusoidal). (1985 reprint includes Amendments 1 and 2.) IEC 68-2-7: 1983, Environmental tion, steady state. Amendment 1 (i986). testing - Part 2: Tests - Test Ga and guidance:

Vibration

Accelera-

IEC 68-2-9: 1975, Environmental testing - Part 2: Tests - Guidance for solar radiation testing. (1990 reprint includes Amendment 1.) IEC 68-2-10: growth. 1988, Environmental testing - Part 2: Tests - Test J and guidance: Mould

IEC 68-2-l 1: 1981, Environmental

testing - Part 2: Tests - Test Ka: Salt mist.

IEC 68-2-13: 1983, Environmental

testing - Part 2: Tests - Test M: Low air pressure.

IEC 68-2-14: 1984, Environmental Amendment 1 (1986). IEC 68-2-l 7: 1978, Environmental Amendment 3 (1989). IEC 68-2-27: 1987, Environmental

testing - Part 2: Tests - Test N: Change of temperature.

testing - Part 2: Tests - Test 0: Sealing.

testing - Part 2: Tests - Test Ea and guidance: Shocks.

IEC 68-2-29: 1987, Environmental

testing - Pati 2: Tests - Test Eb and guidance:

Bump. Damp

IEC 68-2-30: 1980, Environmental testing - Part 2: Tests - Test Db and guidance: heat, cyclic (12 + 12 hour cycle). Amendment 1 (1985).
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IEC 68-2-38: 1974, Environmental ture/humidity cyclic tes 1. IEC 68-2-42: 1982, Environmental contacts and connections.

testing - Part 2: Tests - Test Z/AD: Composite

tempera-

testing - Part 2: Tests - Test Kc: Sulphur dioxide test for

IEC 68-2-47: 1982, Environmental testing - Part 2: Tests - Mounting of components, eguipment and other articles for dynamic tests including shock (Ea), bump (Eb). vibration (Fc and Fd) and acceleration (Ga) and guidance. IEC 68-3: Environmental testing - Part 3: Background information.

IEC 410: 1973, Sampling plans and procedures

for inspection by attributes. and periodic inspection procedures in

IEC 419: 1973, Guide for the inclusion of lot-by-lot specifications for electronic components (or parts).

I EC 617-l 0: 1983, Graphical symbols for diagrams - Part 10: Telecommunications: mission. IEC 695-2-2: 1980, Fire hazard testing
- Part 2: Test methods - Needle-flame

trans-

test.

IEC 793-l:

1989, Optical fibres - Part I: Generic specification.

IEC 794-l : 1987, Optical fibre cables - Part 1: Generic specification. Amendment 1 (1989). IEC 874-l : 1987, Connectors for optical fib/es and cables - Part 1: Generic specification.

IEC Guide 102: 1989, Electronic components. Specification ment (Qualification approval and capability app.roval).

structures

for quality assess-

IS0 129: 1985, Technical drawings - Dimensioning methods of execution and special indications.

- General

principles,

definitions,

IS0 286-l : 1988, IS0 system of limits and fits - Part I: Bases of tolerances, and fits. IS0 286-2: 1988, IS0 system of limits and fits - Part 2: Tables of standard grades and limit deviations for holes and shafts. IS0 370: 1985, Toleranced dimensions versa. - Conversion from inches into millimetres

deviations

tolerance

and vice

IS0 1000: 1981, SI units and recommendations other units.

for the use of their multiples and of certain

9
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IS0 1101: 1983, Technical drawings - Geometrical tolerancing - Tolerancing of form, orientation, location and run-out - Generalities, definitions, symbols, indications on drawings.

IS0 8601: 1988, Data elements and interchange Representation of dates and times.

formats

- Information

interchange

-

1.3

IEC specification of this

system

The relationship annex B.
NOTE

generic

specification

to subsidiary

specifications

is given

in

- The sectional specifications
procedures to many different

should describe device types,

the branching variants and

device styles,

types within each sub-family, specification configurations, is the housing

the quality assessment applicable dimensions,

and the blank detail specification. requirements

Since each sectional

branching

tests and performance

will only be provided in detail specification.

1.4

Terminology,

units,

symbols

and dimensions

1.4.1 1.4.1 .i

Terminology Passive fibre optic branching device

A device possessing three or more optical ports which shares optical power among its ports in a predetermined fashion, without amplification, switching, or other active modulation of the optical power. 1.4.1.2 Passive fibre optic coupler

A term which is frequently used as a synonym for a passive fibre optic branching device. The term is also used to connote a structure for transferring an optical signal between two fibres or between an active device and a fibre. it is not used in this generic specification or in the sectional or detail specifications for fibre optic branching devices. it is a generic term and its use in this context is deprecated.

1.4.1.3

Sub-family

A classification of branching devices into non-wavelength selective and wavelength selective devices by their intended function. These are sub-family 1 and sub-family 2 respectively. The two sub-families are described in separate sectional specifications.

1.4.1.4

Type

A class of fibre optical branching devices designed to fulfill a specific optical branching function (e.g., a reflective star branching device which is intended to share optical power such that optical power entering one port will exit from ail ports), as defined in clause 1.5 of this generic specification. NOTE - `Type' does not necessarily specify a precise number of ports, the type of port, or the principle of operation: it merely specifies the intended function of the device. `It is defined explicitly by the form of the transfer matrix (see 1.4:l.g).

10

IS QC 810000 : 1994 IEC QC 810000 : 1992 1.4.1.5 Style of operation of a branching device, as

A style is a particular form, shape or principle defined in a detail specification. 1.4.1.6 Variant features

A variant is defined by the interfacing four variants. Variant A - A device containing Example:

of the branching

device ports. There are

integral fibre optic pigtails, without connectors.

I

I
integral fibre optic pigtails,

IEC

SW92

Variant B -

A device pigtail.

containing

with a connector

on each

Example:

0
0

cl Cl
IEC WI92

Variant C - A device containing housing. Example:

fibre optic connectors

as an integral

part of the device

11

IS QC 810000: 1994 IEC QC 810000 : 1992 Variant D - A device containing a combination of the preceding variants. Example: of the interfacing features of two or more

0

7

1.4.1.7

Port attached to a branching device for the ingress or

An optical fibre or optical fibre connector egress of an optical signal. 1.4.1.8 Input port, output port

A port designated for the ingress or egress respectively of an optical signal. In some branching devices, a particular port may be used for either function. In others, a port may be used for only one function. In the latter case, the designation of fixed input and/or output ports shall be provided in the detail specification.

1.4,1.9

Transfer matrix

The optical properties of a fibre optic branching device can be defined in terms of an n x n matrix of coefficients. n is the number of ports and the coefficients represent the fractional optical power transferred between designated ports. In general, the transfer matrix T is:

where, with the adopted convention described in annex B, tii is the ratio of the Optical power Pij transferred out of port j with respect to input power Pi into-port i, i.e.

qj = Pij I Pi

The transfer matrix is used to classify the different types of branching specified in clause 1.5 of this generic specification.

devices which are

12
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NOTES 1 It is usual practice to label ports of common use in branching devices as follows:

star branching devices, where for 1. 2. . . . N, N+l, . .. N+M for transmissive and transmissivelreffective example for a transmissive star branching device 1, 2, .. . N are input ports and N+l . . N+M are output ports (see 1.5.1.1);

-

1, 2, . . . N for reflective 1.5.1.1);

star branching

devices

where the N ports are input and output

ports (see multi-

0, 1, 2. _.. N for wavelength selective branching devices, where for example plexer 1, 2, . . . N are input ports and 0 is the common output port.

for a wavelength

Consequently as n is the total number of ports and a matrix row contains the fractional from an individual port to every port in the device:

port transferred star branching

n is respectively equal to N+M, N, N+l for transmissive devices, reflective star branching devices, wavelength selective

and transmissivelreflective branching devices;

the transfer matrix defines the optical power tcansferred out of nominal output ports and also out of nominal input ports with respect to the optical power launched into nominal input ports and also into nominal output ports (the definition of input ports and output ports, see 1.4.1.8, needs that clarification). Therefore, coefficients of the transfer matrix associated with isolated ports are nominally equal to zero. Furthermore, a transfer matrix is generally displayed in tabular form with row subscript (i) and column subscript (j) equal to port labels and numbered consecutively down the left-hand side and across the top respectively. So, for an easier reading of the transfer matrix the following representation IEC 875 and in the sectional specifications for libre optic branching devices. will be used in this part of

Receive ports
1 2
l12.

. .

.

n

L
aP u O pI:

1 2

`11 121

`ln

`ij
n

hl

hn

2 In a wavelength selective branching device, the coefficients 1.. will be a function of the input wavelength. For any branching device, r.. may also be a function of th! input polarization or modal power 1.. distribution. Therefore, the transfer co ffuents are. in general, completely defined only when these parameters are precisely specified. The values of these parameters shall, when necessary, be provided in the detail specification. 3 Most single mode branching devices can operate in a coherent fashion with respect to multiple inputs. Consequently, the transfer coefficients may be affected by the relative phase and intensity of simultaneous coherent optical power inputs at two or more ports.

1.4.1.10 A component

Transfer coefficient $ of the transfer matrix.

13

IS QC 810000 : 1994 IEC QC 810000 : 1992 1.4.1.11 Logarithmic transfer matrix transfer matrix is: Receive
1 2 . .

In gene.ral, the logarithmic

ports
.
n

a,2.

'ln

a

nn _

where aq is the optical power reduction i.e.
aij

in decibels out of port j with unit power into port i,

=

-10 log tij

where tij is the transfer matrix coefficient. 1.4.1.12 Insertion loss to power into port i, i.e., a

This is the reduction in optical power out of port j relative coefficient aij of the logarithmic transfer matrix; 1.4.1.13 Return loss

The insertion loss associated with optical power emitted from the same port into which It was launched, i.e., a diagonal coefficient aii of the log.arithmic transfer matrix.

1.4.1.14

Conducting ports

Two ports i and j between which tij is nominally greater than zero. 1.4.1.15 Isolated ports infinite.

Two ports i and j between which tij is nominally zero, and aij is nominally

1.4.1.16

Isolation

The value of aij between two isolated ports. I .4.1 .17 Crosstalk

Another term for isolation.

14
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810000

IEC QC 810000 1.4.1.18 Directivjty usually applied to a three- or four-port directional

: 1994 : 1992

Another term for isolation, device (see 15.1 .l). 1.4.1.19 Directional

branching

branching device device (1 S.1 .l).

See transmissive 1.4.1.20

star branching

Excess loss device. When an optical signal is

A measure of the total power lost in a branching launched into port i, it is determined by the equation EL, = -10 log T;
I

fij

where the summation is performed only over those values j for which i and j are conducting ports. For a branching device with N input ports, there will be an array of N values of the excess loss, one for each input port i.
NOTE - It is common practice to specify the maximum excess loss of a branching device as the maximum of those values ELi in the array for which i is an operational input port.

1.4.1.21

Uniformity

The logarithmic transfer matrix of a branching device may contain a specified set of coefficients which are nominally finite and equal. In this case, the range of these coefficients, expressed in decibels, is termed the uniformity of the branching device. 1.4.1.22 Splittjng ra tie

The nominal ratio fij / tik between two specified coefficients of the transfer matrix, where j and k are the output ports and i is the common input port. The perpendicular coefficients concerned, if any, are specified in the detail specification. l-4.1.23 Symmetric branching de vice symmetric, i.e., where for all i and j values, `ii

A device whose transfer matrix is diagonally and fji are nominally equal. 1.4.1.24 Asymmetric branching device

A device whose transfer matrix is diagonally asymmetric, one i and j for which fij and fji are nominally unequal.

i.e., where there exists at least

1.4.1.25

Operating wavelength which a non-wavelength selective branching device is of the nominal wavelengths, hi, at which a wavelength designed to operate. A wavelength selective branching different operating wavelengths corresponding to each

The nominal wavelength at designed to operate or one selective branching device is device will, in general, have conducting port.

15
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1.4.1.26

Operating wavelength

range

The specified range of wavelengths from Xi min. to hi max. about a nominal operating wavelength hi, within which a branching device is designed to operate, with the specified insertion loss and crosstalk performance.

NOTE - For a branching device with two or more operating wavelengths, the corresponding wavelength ranges are not necessarily equal.

1.4.1.27

OperaHng wavelength

spacing

For a wavelength selective branching device with more than one operating wavelength, the operating wavelength spacing is the difference hi + 1 - Xi between two adjacent operating wavelengths. This is sometimes referred to as channel spacing.

NOTE - For a branching device with more than two operating wavelengths, the corresponding channel spacings are not necessarily equal. 1.4.2

Symbols and letter symbols shall, whenever applicable, be taken from IEC 27

Graphical symbols and IEC 617. 1.4.3 1.4.3.1 Dimensions

Dimensions

in detail specifications on the housing in the detail specification: the detail specifica-

To prcvide information

- one projection method shall be used and indicated throughout tion, either first angle or third angle projection;,

- dimensions and deviations in drawings shall be given in accordance relevant IS0 publication, for example, IS0 129, IS0 286 or IS0 1101;
p.ermissible deviations shall be stated where necessary; basic tolerances or simple maxima or minima shall be given where sufficient.

with the without

values

1.4.3.2

Dimensional

units in detail specifications in inches may be

The dimensions and tolerances shall be given in millimetres. Dimensions added if required. The original system of units shall be stated.

Independent of the system of units, the highest accuracy required by the dimensions shall be such that the values, the first digit of which is 1 or 2, shall not comprise more than five significant digits. Values with the first digit between 3 and 9 shall not have more than four significant digits. 1.4.3.3 Conversion of inches into millimetres and vice versa

In the conversion of dimensions, values shall be rounded to the nearest 0,001 mm or 0,00005 in. Where, however, mechanical and optical considerations permit, the rounding
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IS QC 810000 : 1994 IEC QC 810000: 1992 shall usually be to the nearest 0,Ol mm oi 0,005 in. This also holds for he conversion between the system of units after having made the exact calculation according to IS0 370.

1.4.3.4

Note in detail specifications millimetres and vice versa

concerning

conversion of toleranced

inches into

A note shall be added in each detail specification

reading:

The values for dimensions in ..*.. are derived from those in ..*.. but are not necessarily exact according to IS0 370. They are, however, to be considered as acceptable alternatives to the original values with regard to accuracy.

1.5

Classification

The following characteristics are intended to aid in fully classifying a fibre optic branching device in a sectional or detail specification. The evolution of branching device technology may later add or withdraw various items.

1.5.1

Device sub-families

and types

They, are divided into sub-families by their intended function. These are non-wavelength selective (sub-family 1) and wavelength selective (sub-family 2) branching devices. Each of these sub-families is described in a separate sectional specification, constituting the only two sectional specifications which relate to this generic specification. These subfamilies are further subdivided into device types, as explained in the,following subclauses.

Each type is defined matrix.
NOTES 1 The schematic device

in terms of a schematic

diagram

and a `general

form of transfer

diagrams and its ports.

which

follow

do not necessarily

correspond

to the

physical

layout

of the

branching

2 In the diagrams A port with no arrow 3 The following not include every 4

shown below, the arrows on the ports indicate the direction is nominally isolated from the indicated input port. which are in common

of travel

of optical

power.

device types include only those possible form of transfer matrix. of the transfer matrix, see equal

use in industry

at present.

They do

For the definition

1.4.1.9.
to zero or greater than zero. The nominal values of the

5 The transfer coefficients are nominally transfer coefficients are indicated.

1 s.1 .l

Types of sub-family

1 branching devices selective branching devices, three basic types

Within the sub-family of non-wavelength are described as examples.

Millimetres

or inches

to be enteAd

as applicable.
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1 2 N I _ ---F . N+l N+2

--t

.

N+M
IEC 594l92

This device has N input and M output ports. The two sets of ports are reversible in so far as that if one of the "M" ports is used as an input, the "N" ports are then output ports. When the signal is shared among all the M ports, the N ports are isolated from the signal. The transfer matrix describing the device is: Receive ports
12.. 1 2
51 $1 `12 . .

.N
. `1.N

N+l

.
. .

.
'

N+M
r l.N+M

tl.N+l

L aP
u"

:
. N

n c
h

r t
'

Gi ,N+M
-

A B

B A

N+l N+2

$4 +I,

N+M

=[i.

N+M

LA.1

.

k+M.N

$4 4.

N+l

tN+M.N+M

The transfer coefficients in zones A are nominally zero, and those in zones B are nominally greater than zero. The non-diagonal transfer coefficients of zone A represent directivity and the diagonal coefficients represent return loss.

NOTE

- A three-port branching

directional

branching

device

is a particular

case with N = 1 and M = 2. A four-port

directional

device is another particular

case with N = 2 and M = 2.

Reflective star branching device
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IS QC 810000: 1994 IEC QC 810000 : 1992 This device has N ports, all of which act as output ports regardless as an input. The transfer matrix describing the device is of which one is used

Receive ports
1 2 . . . n

1

41

q2.

.

.

`1N

L ap2 uo.
;::

121
.
r ij

:

h

s
N L `Nl `NN

The transfer coefficients

are all nominally greater than zero. star branching device

Combined reflective/transmissive

1

-

2 N Transmission

. . .

--t

. . .

N+l N+2 N+M Reflection

ports
1 2 N . . .---t --t 4 0 . . N+l N+2 N+M

ports

This device has two operationally different sets of ports, one set of N transmission ports, and one set of M reflection ports. When one of the N transmission ports is used as an inbut, the device acts as a transmission star branching device with the M ports acting as output ports, and the N ports isolated from the signal. When one of the M reflection ports is used as an input, the device acts as a reflective star branching device, with all N+M ports acting as output ports. The transfer matrix describing the device is:
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Receive ports
12..

.N
r,* . . .. `1. N

N+l tl.N+l
'

.
. '

N+M
r l.N+M

1 2

t11
$1

L a u

p O

N N+l N+2

$1

`N.N+M

c" : h '

+l.l 54 %I+2. 1

+l, 4u

N+M

-

N+M

A.1 $4

.

k+M.N

$4 +M, N+l

rN+M.N+M

The transfer coefficients in zone A are nominally zero, and those in zones B and C are nominally greater than zero. The coefficients in zone B are associated with the branching device operating as a reflective star device. The coefficients in zones C are associated with the branching device acting as a transmissive star device. 1 s.1.2 Types of sub-family 2 branching devices selective branching devices, three basic types are

Within the sub-family of wavelength described as examples.

NOTE - This sub-family includes only branching devices which are designed and intended for use as wavelength selective devices. Branching devices which exhibit wavelength dependence which is not an intended design function are considered to be within the sub-family of non-wavelength selective devices for the purpose of this generic specification and its corresponding sectional specifications.

Wavelength multiplexer
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A branching device whose function is to combine N different optical signals differentiated by wavelength from N corresponding input ports on to a single output port. Port 0 is the output port. The wavelength dependent transfer matrix is:

Receive ports
0 0 1 2 0 1 0 . . . . N 0

$0 120

0

.

.

.o

3

k0

0

0

Each coefficient

tiO is ideally 1 at wavelength

hi and 0 at all other operating wavelengths.

I

Wavelength demultiplexer

A branching device whose function is to separate N different optical signals differentiated by wavelength from a single input port to N corresponding output ports. Port 0 is the input port. The wavelength dependent transfer matrix is:

Receive ports
0 0

1
bl 0

2

.

.

N

62

.

.

bN 0

L a u n c h

p O r t '
0

t.

`I
0
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Wavelength mu/tip/exer/demultiplexer

A branching device which performs the functions of both a wavelength multiplexer and a demultiplexer. Port 0 is the output for the multiplexer and input for the demultiplexer. The wavelength dependent transfer matrix is: Receive ports
0 0 0 1 2 . . N

`01 0

62

.

.

`ON 0

L
aP
u p\ O

1
2

`10

,120
tj
0 0

I

N

'NO

Each coefficient length. 1.5.2

toj and foi is ideally 1 at wavelength

Xi and 0 at all other operating

wave-

Optical performance characteristics shall be provided in the detail speci-

The following optical performance fication, as applicable:
_

coefficients

of the transfer matrix or the coefficient of the logarithmic of the transfer matrix: of the transfer matrix;

transfer matrix:

_

spectral dependence po!arization

_ -

dependence

modal dependence of the transfer matrix (measurement procedure under consideration); excess loss; uniformity; splitting ratio; maximum power capability; 22
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_

susceptibility

to ambient light coupling; (measurement procedure under consideration).

_ 1.5.3

modal noise contribution structure

The following structural

characteristics

shall be provided in the detail specification:

type;
variant; housing shape and dimensions; orientation of ports on housing;

means for mounting. Mechanical performance The following mechanical performance specification, as applicable: vibration; bump; shock; acceleration; impact; drop; crush resistance; pulling; axial compression; torsion; nutation (test procedure under consideration); storage life (test procedure under consideration). Environmental performance performance characteristics shall be provided in the detail characteristics shall be provided in the detail

The following environmental specification, as applicable:
-

cold: dry heat; damp heat, steady state; climatic sequence; condensation; rapid change of temperature; high temperature sealing; immersion; endurance;

-

_

_ _
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atmosphere atmosphere;

(salt mist);

flammability; mould growth; low air pressure; solar radiation; nuclear radiation; resistance
Climatic category 93 Low temperature ("C)

to solvents and contaminating
should be expressed in the form: 1251 High temperature ("C)

fluids.

21 Duration of damp heat, steady state (days)

according

to appendix

A of IEC 68-1.

1.5.6

Assessment

level

A letter designation shall be allocated in the detail specification to all devices of assessed quality, denoting the applicable tests and severities necessary to meet the requirements of qualification approval. 1.5.7 Ratings and characteristics

For future consideration.

1.6

Marking

of components

and packaging and legibly iden-

Components, associated hardware and packages shall be permanently tified and marked when required by the detail specification. `1.6.1 Marking of component shall be specified in the detail

The required component marking preferred order of priority is: `-

specification.

The

device identification; manufacturer's manufacturing identity mark; date code (year/week); if required by the detail specification.

1.6.2

port identification,

Marking of sealed package The preferred

The required package marktng shall be specified in the detail specification. order of priority is: -

IEC type designation; a letter denoting the assessment any additional level;

-

marking required by the sectional and/or detail specification. 24
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When required by the sectional and/or detail specification, the package shall also include instructions for assembling the branching devices and the description of any special tools or materials, as necessary. Where applicable, individual unit packages (within the sealed package) shall be marked with the reference number of the certified record of released lots, the manufacturer's factory identity code and the component identification.

1.7

IEC type designation by the letters

Branching devices to which this part of IEC 875 applies shall be designated IEC followed by the`number of the relevant detail specification.

1.8

Safety aspects

Fibre optic branching devices, when used as part of an optical fibre system, may emit/produce potentially hazardous radiation. The manufacturers of branching devices are not obliged to mark them as such, but sufficient information should be made available in the manufacturer's literature to enable the system designer to assess the .degree of hazard. For a system in which the class 1. laser equipment limit will be exceeded, the designer should ensure that all unused ports of the branching device are terminated to avoid access to the optical power. This information shall be given prominence in the detail specification. The assembly instructions included in the branching device package shall give a prominent warning to the assembler or terminator of the necessary safe working practices.

The detail specification

should give the following

information

in a prominent position: optical fibre to prevent it

Warning: Care should be taken when handling small diameter puncturing the skin, especially in the eye area.

Direct viewing of the end of an optical fibre or a terminated optical fibre when it is propagating energy is not recommended unless prior assurance has been obtained as to the safe energy output level.

Reference ation).

should

be made to the relevant

safety document

(under

consider-

1.Q

Ordering information shall be included in purchasing contracts:

The following ordering information _

the number of the detail specification; assessment level code letter.
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IS QC 810000 : 1994 IEC QC 810000 : 1992 1.10 Drawings incllided in the detail speclflcatlon

The essential purpose of the drawings is to ensure intermateability and interchangeability; they are not intended to restrict details of construction which do not affect either intermateability or interchangeability nor are they to be used as manufacturing drawings.

SECTION 2 : QUALITY ASSESSMENT `2.1 Qualification approval/quality assessment and testing

PROCEDURES

systems of branching devices are detailed in

The procedures for the examination clauses 2.4 and 2.5.

2.2

Primary

stage of manufacture specified in 8.5.2 of IEC QC 001002 shall be defined in

The primary stage of manufacture the sectional specification.

2.3'

Structurally

slmllar

components

The grouping of structurally similar components for the purpose of qualification approval and quality conformance inspection as required by 8.5.3 of IEC QC 001002 shall be given in the detail specification. 2.4 2.4.1 Qualification General shall comply with: qualification approval approval requirements

The manufacturer

- the general requirements of the rules of procedure governing as given in 85.5 of IEC QC 001002; - the requirements part of IEC 875. 2.4.2 Procedures for the primary stage of manufacture

as given in clause 2.2 of this

The procedures for qualification approval given in 11.3.la) and b) of IEC QC 001002 are listed in 2.4.2.1 and 2.4.2.2 below and both shall be specified in the sectional specification as alternatives, with instructions to select and specify in the detail specification one of the two procedures. 2.4.2.1 Fixed sample size procedure (11.3.1a) of IEC QC 001002)

The manufacturer shall produce test evidence to show conformance to the specification requirements on the fixed sample size test schedule given in the detail specification. The specimens taken to form the sample shall be selected at random from current duction or as agreed with the National Supervising Inspectorate. pro-
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2.4.2.2

Lot-by-lot

and periodic procedure (11.3.1 b) of IEC QC 001002)

The manufacturer shall produce test evidence of conformance to the specification requirements on three inspection lots for lot-by-lot inspection, taken in as short a time as possible, and one lot for periodic inspection. No major changes in the inspection lots are taken. Samples shall be taken from the lots in accordance with IEC 410. Normal inspection shall be used, but when the sample size is so small that acceptance based on zero defects is implied, additional specimens shall be taken to meet the sample size requirements to give acceptance on one defect.

2.4.2.3

Maintenance

of qualification the maintenance

approval of qualification approval are given in 11.5 of IEC

The rules governing QC 001002. 2.5 Quality

conformance

inspection by 8.5.6 and 12.3 of IEC QC 001002 shall be

Quality conformance inspection required prescribed in the detail specification.

The.detail specification schedule shall specify the grouping, the lot-by-lot and periodic inspections. Inspection levels and AQLs shall be selected more than one schedule may be specified. 2.6 Certified records of released lots

sampling

and periodicity

for

from those given in IEC 410. If required,

When certified records of released lots as described in 8.5.7 of IEC QC 001002 are prescribed in the detail specification and are requested by a purchaser, the following information shall be given as a minimum: - the number of components tested and number of defective components, for tests in the sub-groups covered by periodic inspection without reference to the parameter for which rejection was made;
the change in optical performance required in the detail specification.

after any environmental

or climatic

test,

as

The sectional specification shall prescribing certified test records statement whether certified test are prescribed, a reference shall

make reference to the requirements of this clause, either or requiring the blank or detail specification to include a records are required or not. Where certified test records be made to the requirements of this clause.

2.7

Delayed deliveries

The general requirements for delayed delivery are given in 8.51 of IEC QC 001002. Branching devices held for a period exceeding two years following the release of the lot (unless otherwise specified in the detail specification) shall be re-examined before delivery, as specified in the sectional specification. The re-examination procedure adopted by the manufacturer's chief inspector shall be approved by the National Supervising Inspectorate.
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When a "lot" has been re-inspected to the satisfaction of the National Supervising Inspactorate, its quality shall be deemed to be re-established for a further specified period as given by the sectional specification or the detail specification.

2.8

Release for delivery before the completion

of tests

When the conditions of IEC 410 for changing to reduced inspection have been satisfied for ail group B tests, the manufacturer is permitted to release components before the compietion of such tests.

2.9

Alternative

test methods

The general reqqirements for alternative test methods are given in 8.5.4 of IEC QC 001002. The test and measurement methods given in the specification are not necessarily the only methods which can be used. However, the manufacturer must satisfy the National Supervising inspectorate that any alternative methods that he may use will give results equivalent to those obtained by the methods specified. In case of dispute, only the specified methods shall be used for referee and reference purposes.

2.10

Unchecked

parameters

Only the parameters of a component which have been speCified in a detail specification and which were subject to testing may be assumed to be within the specified limits. It should not be assumed that any unspecified parameter will be uniform and unchanged from one component to another. If, for any reason, it should be necessary to control *further parameter(s), then a new, more extensive specification should be used.

The additional test method(s) inspection levels specified.

shall be fully described

and appropriate

limits, AQLs and

SECTION 3 : TESTS AND MEASUREMENT 3.1 General

METHODS

This section defines the tests and details to be specified in the detail specification (where applicable) which are covered by the IEC quality assessment system. The two sectional specifications shall prescribe the tests (and any additional tests) which are applicable to each sub-family of branching device. Detail specifications prepared within the IEC quality assessment system shall quote which of the tests prescribed in the relevant sectional specification are applicable to a particular style or variant of a branching device, the test procedures, parameters to be measured and their acceptance criteria.
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Tests shall be carried out under standard atmospheric conditions IEC 68-l. Before measurements are made, the devices shall standard atmospheric conditions for testing, for a time sufficient to reach thermal stability. These requirements shall apply unless detail specification.

for testing as specified in be preconditioned under to allow the entire device otherwise specified in the

Where it is required that one or more cables shall be attached to the device, this shall be done in accordance with the device manufacturer's instructions (normally supplied with the device). When mounting is specified in a test, the device shall be securely mounted on a rigid plate of suitable material; for free or fixed devices, appropriate mounting fixtures shall be specified in the relevant sectional and/or detail specification(s). The dimensions exceeded. of the mounting plate shall be such that the contour of the specimen is
,,

Recovery conditions IEC test method. Any deviation specification.

for the interval

after a conditioning

test shall be in accordance

with

from the specified

test procedure

shall be specified

in the relevant

detail

3.3

Visual

inspectlon device shall be in accordance with 1.6.1 and shall be iegibie.

Marking of each branching

Marking of the housing shall be in accordance with 1.6.2.
NOTE - Where short-term degradable materials, such as adhesives, are supplied with the package of the branching devices, the manufacturer should mark these with the expiry date (year and week numbers - see IS0 8601) together with any requirements or precautions concerning safety hazards or environmental conditions for storage.

3.4

Dimensions

and mass

The outline dimensions shall comply with those specified by the relevant detail specification. The mass shall not exceed the maximum specified in the relevant detail specification.

3.5 3.51

Optical

tests and measuring

procedures

General device to carry out

These tests are used to measure the ability of the fibre optic branching its design function.
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IS QC 810000: 1994 IEC QC 810000 : 1992 Certain apparatus, test conditions and requirements are common to all of the following optical test methods. These are specified in 3.5.1 .l to 3.5.1 .ll. 3.5.1.1 Launch conditions

The transfer matrix of a multimode branching device frequently depends, to a very significant extent, on the modal power distribution launched into the input port. In order to obtain repeatable measurements, it is necessary to use standard launch conditions which are clearly defined and can easily and precisely be duplicated.

Two different launch conditions are specified in this generic specification for measuring multimode devices. They are intended to represent, to an approximation, the input mode distribution which would be encountered by a branching device located 1) near the source end, and 2) a long distance downstream from the source in a fibre optic link. Case 1) is achieved by using fully filled launch conditions as described in clause 38 of IEC 793-l. Case 2) is achieved by using equilibrium launch conditions as described in clause 32 of IEC 793-l. Due to its greater ease of implementation and applicability to all fibre types, case 1) is preferred to case 2). Case 1) shall be used unless otherwise indicated in the detail specification.

The input mode distribution encountered by a multimode branching device in a typical link may differ considerably from that represented by either of the above sets of launch conditions. It must be understood that the resulting optical measurements cannot and are not intended to yield results which accurately depict the branching device transmission performance for all the mode distributions which may be encountered in a fibre optic link.

&r single mode branching devices, the wavelength of the source (including the total spectral width) shall be longer than the cut-off wavelength of the fibre. The deployment and length of the fibre on the input port shall be such that any higher order modes that may initially be launched are sufficiently attenuated. For some devices, the polarization state of the optical power and its orientation may be significant, and when required shall be specified in the detail specification.

NOTES 1 The power launched into the branching device should not be at such a high level as to generate nonlinear scattering, except for the test of 3.58. 2 Precaution should be taken to ensure that cladding modes are not launched into or detected from a branching device. Cladding modes should be stripped either as a natural function of the fibre coating in the input and output ports, or by adding cladding mode strippers if specified in the relevant detail specification.

3 Precaution should be taken to ensure that excessive bending of the fibres on the input or output port which could affect the measurement does not occur. Precaution should be taken to ensure that no speckle pattern caused by a coherent source is launched into the fibre on the input port of a multimode branching device.
4
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351.2

Source unit (S)

0
S

This consists of an optical emitter, its fibre pigtail (if any) and associated driving electronics. It may include mechanical or electrical modulation of the optical signal. It could, for example, be a LED, a laser, or a spectrally broadband source combined with an interference filter or monochromator. The precise characteristics shall be compatible with the measurement requirements and shall be specified in the detail specification, including:

-

power output; peak wavelength; spectral width; coherent or incoherent; power output stability; pigtailed fibre type (if any). Excitation unit (E)

-

351.3

0
E

This represents the passive optical system which transfers the optical signal to the branching device with the required launch conditions (see 3.51 .l). It may consist, for example, of an imaging system, a mode scrambler, an equilibrium mode simulator such as a long length of fibre, or some combination of these elements. It shall be compatible with the branching device being measured, and shall be specified in the detail specification.

351.4

Detector unit (0)

cl
D

This consists of an optical detectqr element, its tion electronics. It may include phase sensitive modulated source unit. The detector element or it shall have a diameter and acceptance angle

fibre pigtail (if any) and associated detecdetection of a mechanically or electrically the core of fibre which may be pigtailed to which exceed respectively the maximum

31

IS QC

810000

IEC QC 810000

: 1994 : 1992

core diameter and numerical aperture of the fibre on the branching precise characteristics shall be compatible with the measurement be specified in the detail specification, including:

device output port. The requirements and shall

-

maximum sensitivity; linearity; peak wavelength sensitivity; sensitivity;

range of wavelength stability;

-

pigtailed fibre type (if any).

3.5.1.5

Temporary joint (TJ)

TJ

T

This is a method, device or mechanical fixture for temporarily aligning two fibre ends into a reproducible low loss joint. It may, for example, be a preci,jion V-groove, vacuum chuck, micromanipulator or fusion or mechanical splice. A suitable refractive index matching material shall preferably be used. The stability of the temporary joint shall be compatible with the measurement precision required.

3.5.1.6

Reference fibre

Such a fibre is a precisely made or selected fibre used for measurement purposes. When required, the length, dimensional and optical parameters are held within limits specified in the branching device detail specification. 3.5.1.7 Reference connector

Such a connector is a precisely made or selected connector used for measurement purposes. It may also be in the form of a precision jig incorporated into the optical measurement equipment. When required, the performance or selection criteria shall be specified in the branching device detail specification. 3.5.1.8 Reference branching device

Such a device is a precisely made or selected three-port directional branching device (1.5.1.1) used for measurement purposes whose transfer matrix is substantially independent of the input optical launch conditions. When required, the performance or selection criteria shall be specified in the branching device detail specification.
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3.5.1.9

Fibre lengths in the illustrations accompanying the test these lengths shall be specified in the

Where fibre lengths Ll, L2, L3 . . . are indicated methods included in this generic specification, relevant branching device detail specification. 3.5.1 .lO Cladding mode stripper

For singlemode and multimode devices, it is potentially possible for cladding modes to affect the measurements. In some fibre types, the coating attenuates cladding modes sufficiently rapidly (within a few centimetres), in which case cladding modes are of no concern. However, other fibres require cladding mode strippers. This requirement, if it applies, shall be specified in the detail specification for a particular branching device. For example, a cladding mode stripper may be made by immersing a 5 cm or longer section of fibre, with cladding exposed, in a fluid with an equal or slightly higher refractive index than that of the cladding. When required, cladding mode strippers shall be placed on both the input and the output fibres of a branching device between which the insertion loss is being measured. 3.5.1 .ll Measurement system requirements and stability of the measurement and accuracy of the measurement. alignment system shall be consistent

The linearity, repeatability with the required precision

The preparation of the fibre end and its mechanical a repeatable output signal from the detector unit. The following items, as applicable, branching device under test: -

to the detector shall ensure

shall be described

in the detail specification

of the

the source unit (S); the excitation unit (E);

the detector unit (D); the temporary joint (TJ);

3.5.2 3.5.2.1

the lengths Ll and L2 of the branching device pigtails; the length L3 and parameters of the reference fibre (RF); the parameters of the reference connectors (RA-FIB); pigtails;

the lengths L4 and L5 and parameters of the reference connector the parameters Insertion loss General of the reference branching device (RBD).

The tests consist of measuring the pertinent coefficients

of the logarithmic

transfer matrix.

Non-diagonal coefficients are measured in 3.5.2.2, and diagonal coefficients in 3.5.2.3. These coefficients are respectively; _ insertion loss between conducting or isolated ports;

are measured

return loss. 33
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3.5.2.2

Insertion loss between conducting or isolated ports aij (i # j) of the non-diagonal co6fficients of the

These measurements give the values logarithmic transfer matrix.

Three separate test methods are specified. These are summarized
Method number 1 Description Schematic

in the following table:
Applicable variant(s)

Cut-back method Most precise, but partially destructive to branching devices.

A, (D)

2

Substitution Alternative reference

method to method

1

Non-destructive, less precise.

but requires

fibre and is generally

TJ 4 -+ + TJ 4 --+
J L1

3

Only option for branching with integral or attached connectors, limited but precision by connector

devices may be

8, C, (D)

quality.

TJ 4 --b J

L4 Branchtng dewce

TJ
-+ J

4

L4

RA LL!

RB

15
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NOTE - The applicable method or combination the particular ports between which the insertion specification.

of methods for variant D branching devices will depend on loss is to be measured. This shall be specified in the detail

Method 7: Variant A branching devices After selection of the two relevant ports of the branching device: a) In accordance with the following diagram, measure and record power level Pij.

i;K;]~-.e

i?
Branching device

"( .,-, pii
L

b) After ensuring the stability of Pij, cut the fibre between the temporary branching device. The length of the cut section L'l shall be specified specification.

joint and the rn the detail

Branching device

c) Remove the branching device from the test set-up, taking care not to displace fibre in the temporary joint. d) Prepare the cut end of the fibre such that it is smooth, perpendicular to the fibre axis. e) Couple the prepared record power level Pi. end of the fibre to the detector substantially

the

plane and and

unit as in a). Measure

TJ t_ S-E J

35

IS QC 810000 : 1994 IEC QC 810000 : 1992 f) The insertion loss aij of this particular path is then given by the following formula:

aij = -10 log fij with fij = Pij / P,.
NOTE altered - The measurement between is not affected by the insertion loss of the temporary joint since the latter is not the measurement of power levels Pij and Pi.

Method 2: Variant A branching devices After selection of the two relevant ports of the branching device: with the following diagram, measure and record power level Pij.

a) In accordance

Branching device Ll 4

I*

I-4

b) After ensuring the stability of Pij, remove the branching device from the test set-up. c) In place of the removed branching device, insert the reference fibre (RF) between the temporary joint and the detector units in accordance with the following diagram. Measure and record power level Pi.

d) The insertion

loss aij of this particular

path is then given by the following formula:

a.. = `I

-10 log fij

with fij = Pij / Pi.
NOTE - The measurement which is subject to random is affected by the difference in the insertion loss of the two temporary joints variation. The magnitude of this variation depends upon the precision of the and numerical aperture be-

fibre alignment achieved, as well as the difference in the fibre core diameter tween the reference fibre and branching device pigtail.
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Method 3: Variant B and C branching devices In this method, a reference connector detail specification. set (RA and RB) is used, as defined in the relevant

After selection of the two relevant ports of the branching a) In accordance Variant B

device:

with the following diagram, measure and record power level F?j.

Branching device L4 I-1 IL5 I

Variant C

Branching device

I-

L4

I

&I

b) After ensuring the stability of Pq, disconnect and remove the branching the test set-up, taking care not to displace the fibres in the temporary joint.

device from

c) Connect the two halves of the reference connector set together the reference connector set). Measure and record power level Pi.

(RA-RB comprise

TJ I_ S-E / i

RA

RB j pII 7

14

L4

44

L5

4
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d) The insertion

loss

aij

of this particular

path is given by the following

formula:

aij = -10 log rij with tij = Pij / Pi
NOTE - The measurement is not affected by the insertion loss of the temporary joint since the latter is not altered between the measurement of power levels Pij and Pi, but it will be affected by any connector loss variations.

3.5.2.3

Return loss give the values aii of the diagonal coefficients of the logarithmic

These measurements transfer matrix. Measuring procedure

A reference branching device (RBD) and a reference fibre (RF) are selected in accordance with the detail specification of the branching device under test. The reference branching device must be a variant A device (i.e., with unconnectorized pigtails). It is necessary to ensure that temporary joints are index matched so as to minimize reflections between the fibre end faces. a) .In accordance with the following diagram, measure and record power level Pi.

b) After ensuring the stability of Pi, remove Do from the test set-up. Terminate the end of the reference fibre to suppress reflection to the level required in the detail specification, taking care not to displace the fibres in the temporary joint. Measure and record power level P;
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c) After ensuring

the stability of P'; , remove the reference fibre from the test set-up.

d) After selection of the relevant port "i" of the branching device, insert the branching device in accordance with one of the following didgrams. Measure and record power level P'ii . For a variant A branching device, all ports other than the one through which the return loss is being measured shall be terminated to suppress reflection to the level required in the detail specification. For variant B and C branching devices, each port shall be connected to a reference connector (R) containing a fibre pigtail of length L4 or L5 (see diagram below) specified in the detail specification. Each fibre end shall be terminated to suppress reflection to the level required in the detail specification.

NOTE

1

- The applicable

method for variant

D branching

devices

will depend

upon the particular

port from

which the return loss is being measured.

This will be specified

in the detail specification.

Variant A

Termination

\

--v
1 2 RBD

Branching device 64

I I
Dl

P'ii

Variant 6

Termination \

TJ

---El
1 2 RBD 3

t

J

cl
Dl

PVii

l-3
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Variant

C

Termination \

TJ 1 RBD J 3 2 t

-

Branching Dl Pii device

:

I-4
is given by the following formula:

c-4

e)

The return

loss of the test set-up RL = -10

log P'i / Pi + 10 log f23 transfer coefficient of the reference branching

where t23 is the device.

previously

measured

1)

The return

loss of the branching

device

is given

by the following

formula:

P'ii - Pi
`ii =

-10 log pi

+1010gf2,

NOTES 2 It is assumed that the return loss of the test set-up is much higher than that of the branching device.

3 It is assumed into the branching repeatable.

that the optical power launched into the reference fibre Pi equals the power launched device port. This implies that the insertion loss associated with the temporary joint is

4

It should

be noted

that

multiple

reflections

between Where

fibre

end faces source

can exist is used,

under

conditions

where

small gaps and imperfect can reduce the accuracy

index matching exist. of the measurement.

a coherent

the resulting

interference

5

This method variant A devices

of measuring return loss yields the intrinsic only. For variants B and C. it is impossible loss due to the connectors.

contribution to separate

from the branching device for the intrinsic branching device

contribution

from the return

3.5.3

Spectral dependence Object

of the transfer matrix

3.5.3.1

These measurements give the wavelength coefficients aij (1) (i f j) and aii (h).

dependence

of the logarithmic

transfer

matrix
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In comparison with the insertion loss measurements described in 3.5.2, the measurement systems used in this subclause are extended to provide information on the insertion loss as a function of a wavelength. 3.5.3.2 Test principle

Except as indicated below, the measuring procedures for non-diagonal and diagonal coefficients of the logarithmic transfer matrix are identical to the corresponding procedures indicated in 3.5.2.2 and 3.5.2.3 respectively. The apparatus shall contain a wavelength selective component such as a monochromator (M) or a tunable laser (when applicable) or a set of spectral bandpass filters. In general a continuously tunable wavelength source unit is preferable to one with discreet wavelengths. The number of discreet wavelengths or the continuously variable wavelength well as the spectral linewidth, shall be specified in the detail specification. range, as

During the measurement of Pi, Pj, Pi or P',,, the wavelength selective element is scanned through the appropriate wavelengths Xl, 12, X3, . . . An. Where appropriate, the parameters Pi, P., P'i and P'ii shall be continuously measured during the wavelength scanning over the oper k* trng wavelength ranges. It can be seen that the wavelength dependent logarithmic transfer matrix is in fact a threedimensional matrix with the wavelength representing the third axis. The values are conventionally displayed in either tabular or graphical format as shown below:

Tabular format
Wavelength nm Insertion dB loss

11 X2
%

aij ($1

"ij ($1

"ij C's)

`n

aij C+J

where

i is a measurement
j is a measurement

launched port received part

41

IS QC 810000 : 1994 IEC QC 810000 : 1992

Graphical format

%

5"

Wavelength

nm

where i is a measurement j is a measurement launched received port port

3.5.3.3

Spectral insertion loss between conducting and isolated ports coefficients of the

These measurements give the values aij (I) (i f j) of the non-diagonal logarithmic transfer matrix. They are described below.
NOTES

1 In each of the following methods a reference branching device (RBD) and a monitoring detector unit (Dl) may be included between the excitation unit and branching device under test as in 352.3. The output &from Dl may be used the signal may be used as a feedback to provide signal to stabilize the output power sufficient of the source unit. Alternatively, for accuracy a correction to the output from the detector unit (D) to compensate

drift in the source unit.. If the stability required, RBD and Dl may be deleted It is also modulated possible source to improve unit. the

of the source unit is already from the test setup. measurement by using phase

for the measurement

sensitive

detection

of a mechanically

2

In each into,

of the following to be an integral or located

methods, component

the adjustable of the source unit,

wavelength unit. but only

element if RBD and

(monochromator, it is possible Dl

filters,

etc.)

is

considered porated set-up.

Alternatively,

for it to be incorin the test

in front

of, the detector

are not included

Method 1 (with monitoring detector unit): variant A branching devices After selection of the two relevant ports of the branching device: a) In accordance with the following diagram, measure and recqrd power levels Pij (L) while scanning the adjustable wavelength element through the specified wavelength range.

42

IS QC 810000 : 1994 IEC QC 810000 : 1992

Branching device

b) to 1) Continue the measurement obtain Pi (X) and aij (A).

as above according

to method 1 (see 3.5.2.2) to

Method 2 (with monitoring After selection

detector unit): variant A branching devices

of the two relevant ports of the branching device:

a) In accordance with the following diagram, measure and record power levels Pij (h) while scanning the adjustable wavelength element through the specified wavelength range.

Branching device

b) to d) Continue the measurement obtain Pi (h) and aij (I).

as above according

to method 2 (see 3.5.2.2) to
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Method 3 (with monitoring

detector unit): variant B and C branching

devices

In this method, a reference connector detail specification.

set (RA and RB) is used, as defined in the relevant

After selection of the two relevant ports of the branching device: a) In accordance with the following diagram, measure and record power levels Pij (h) while scanning the adjustable wavelength element through the specified wavelength range. Variant B

`ii tx)
RB

Branching device

l-l
Dl

Variant C

Branching device

b) to d) Continue the measurement obtain Pi (I) and aij (A).

as above according

to method 3 (see 3.5.2.2) to

IS QC Woo00 : 1994 IECQC 810000:199P

3.5.3.4

Spectral return loss dependence of the diagonal coefficients aii (k)

These measurements give the wavelength of the logarithmic transfer matrix.

NOTE - In the following method, the adjustable wavelength element (monochromator, filters, etc.) is considered to be an integral component of the source unit.

Measuring procedure A reference branching device (RBD) and a reference fibre (RF) are selected in accordance with the detail specification of the branching device under test. It is necessary to ensure that temporary joints are index matched so as to minimize reflections between the fibre end faces. a) In accordance with the following diagram, measure and record power levels Pi (h) while scanning the adjustable wavelength element through the specified wavelength range.

b) to e) Continue the method as above (see 3.5.2.3) to obtain p'i (A), Pii (h) and aii (A).

3.5.4

Polarization

dependence

of the transfer matrix of the

This test gives a measure of the dependence of the magnitude of the coefficients transfer matrix on the direction of linear polarization of the input optical power.

A rotatable polarizer is incorporated into the light path in the excitation unit of the apparatus for measuring the transfer matrix coefficients. This can be a simple polarizer plate, if the optical power source was originally not linearly polarrzed. The polarizer should not cause any offset or other such disturbance of the optical power beam. The maximum and minimum values of each transfer coefficient are recorded as the polarizer rotates the axis of the polarization of light entering the device through 180".
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The polarization

sensitivity

is then recorded as:
`ij m&x i0bg -

tij min

3.5.5

Modal dependence

of the transfer m$rtrix

Under consideration.

3.5.6

Monitoring of insertion loss Object

3.5.6.1

This procedure is used to monitor coefficients of the logarithmic transfer matrix over a period of time. It is employed in conjunction with mechanical and climatic testing of the branching device, as specified in clauses 3.6 and 3.7 of this generic specification. The measurements to be performed before, during and after the tests allow for the calculation of changes in the insertion loss of the branching device.

3.5.6.2

Test apparatus

The principle of the method is based on the use of:
-

a source unit (S);

a multi-channel a multi-channel

excitation

unit (Emc);

detector unit (Dmc); unit (SPU);

-

a signal processing a reference channel.

A block diagram of the set-up for monitoring variant A branching devices is shown below. For each branching device being measured, only one input port (i) is included in the setup, but any number of output ports (j, k, . . .) may be monitored simultaneously. The particular ports required shall be specified in the detail specification.
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NOTES 1 This method is only applicable for measuring non-diagonal matrix aij (i # j). Diagonal coefficients aii are excluded. coefficients of the logarithmic

2 For variant 6 and C branching devices, it is necessary to employ pigtailed reference connectors (R) as shown in the following diagrams. In these cases, the results obtained include contributions from the attached connectors, which are located within the test chamber along with the rest of the branching device. Variant B
I I I I I

------_____________
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I I
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I

_______

I

I I I
TJ t J
I

Branching device RB RA i
R6 k * , . i

; I
;

I
I I I I l I I

`ij

,

I
I I I I I I

`ik

Dcm

. .

I ---,,---,,_-.e,--_,_l

NOTE 3 - The applicable method or combination of methods for variant D branching devices will depend on the particular ports being measured. This shall be specified in the detail specification.

Components Source unit

of the test set-up to be specified

A single light source which meets the description

of 3.5.1.2 shall be used.

Excitation unit The multichannel structure of the excitation unit shall be achieved by coupling a suitable power divider to the source unit (for example, a star coupler). Every channel of the excitation unit shall meet the description of 3.5.1.3 and the launch condition requirements of 3.5.1.1. Detector unit The multichannel nature of the detector unit shall be achieved by constructing an array of nominally identical detector units. Each component detector unit shall meet the description of 351.4. The component detector units shall be optically and electrically isolated from each other. It is not necessary that their responses be matched, although linearity is important. Temporary joints Temporary joints shall meet the description stable over the required monitoring period. Fibre length requirements These are as specified in 3.5.1.9. In addition, the input pigtails of each branching device must be sufficiently long so that the temporary joints can be placed outside the test chamber. of 351.5. In addition, they shall be sufficiently
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IS QC 810000 : 1994 EC QC 810000 : 1992 Reference channel A standard reference fibre of length L3 as specified in the relevant branching device detail specification is connected between the excitation and detector units. Its function is to enable any systematic drift in the system to be recorded and compensated in the other channels. It should be noted that this reference channel does not compensate for changes in the transmission of the fibres (or connectors) which are inside the chamber and subjected to the test conditions but are not part of the branching device ,under test. Unless the fibres or connectors used have a specified performance which show a negligible change under these conditions, an initial test should be carried out to ensure that their change in performance does not significantly affect the branching device measurement.

Signal processing

unit

This device performs the functions of scanning the multichannel detector unit signals the preset time intervals and storing the data. The time interval between scans shall be appropriate to the duration of the test. The unit may also be used to perform the calculations required in 3.5.6.3 and to plot the data after completion of the test. Alternatively, a multichannel chart recorder may be used to plot the detector and mechanical or climatic sensor outputs as the tests progress, and manual calculation of aij may then be carried out on completion of the test. 3.5.6.3 Measuring procedure

a) After installing the branching device(s) and ensuring the stability of all channels, measure and record the power levels Pij (t,) for each monitored output port of each branching device at time t, and Pr,_,f (t,) for the reference channel.

b) Continuously monitor the outputs Pij and Prer and after the prescribed has elapsed, measure and record the values Pij (t,) and Prer (t,). c) The insertion loss change following formula: over the corresponding time interval

time interval

is given by the

qj

($1
+lOlog
C$>

Pref (f2)
%3f (4 )

Aaij = -10 log

`ij

d) Repeat b) and c) for the duration of the test for each monitored output port of each branching device. e) After completion of the test, the Aaij values may be plotted versus time. The corresponding mechanical or climatic test parameter may also be plotted versus time. Alternatively and preferably, the Aaij values may be plotted versus the corresponding mechanical or climatic test parameter.
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NOTE - In the formula the first ratio represents the change due to the combined effects of

-

the branching device; the fibre or cable used; the temporary joints; the connectors (if any); the source and detector unit instabilities.

The second ratio represents the change due to the combined effects of

-

the temporary joint in the reference channel; the source and detector unit instabilities.

3.5.7

Susceptibility to ambient light coupGng Object
of a branching device for susceptibility paths of the branching to ambient light coupling device when is intended light it is connected for

3.5.7.1

Measurement

to give a value for the amount of optical power that can be coupled from external
sources into the waveguide operation.

3.5.7.2

Test apparatus

Since Illumination of a given device by ambient light is unknown with respect to direction in an actual system, it is necessary that the test method permits the ambient light coupling to be assessed when this light is incident on the device from all directions.

Such conditions

of illumination

can be attained through use of an integrating

sphere.

In this test, it is assumed that ambient coupling through cables is negligible.

Unless otherwise used.

specified in the detail specification,

the following test apparatus

shall be
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Lock-in

Termination

Light source (S); halogen lamp with
-

electrical power greatsr than 100 W; power stability better than 3 dB over the period of the test.

Chopper (6); square wave chopper at 313 Hz or 030 Hz or any frequency that is not an integral multiple of 50 Hz or 60 Hz. Optical scattering plate (F); frosted glass. Integrating sphere (IS): size and reflectivity ratio (for future consideration). Detector (0,) at window (W): the window (W) shall expose nominally the same area as the sensitive area of the detector (0,). The detector shall be matched to the source. Detector (Of): same type as 0,.

Mi.7.3

tieasuring

prwedure

a) Preparation of apparatus Turn on the equipment and allow about 1 h to reach a stable state. With only the cables in the integrated sphere, ensure that no light pick-up is being sensed.
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IS Qc 810000 : 1994 IEC QC 810000 : 1992 b) Place the branching device in the integrating sphere as shown in the diagram. The cables are connected between two ports corresponding to a through path. All other ports are terminated with pigtail ends outside the integrating sphere through a cable port, with the ends suitably terminated to provide access and prevent extraneous light entering. c) Measure light level in the integrating sphere: PO.

Measure light level in fibre from the device being tested: Pf . Ambient light coupling (ALC) of the device is given by the formula:

ALG = -10 log

-

pr
P,

3.5.8 3.5.8.1

Maximum power capability Object

This test is a limited test which measures a single maximum level of input optical power (pulsed and continuous wave) at which the branching device can operate.without permanent damage. 3.5.8.2 Test apparatus specified in the detail specification, the following test apparatus shall be

Unless otherwise used.

Launching optics

Higti~power laser

output terminated

Source: high-power \aser (e.g. Nd-YAG) at 10 W continuous wave Q-switching capability to produce Q-switched pulses up to 1 kW peak.

(CW) and with

a

3.5.8.3

Measuring procedure

Normally, the test will be performed on a small number of samples which have been previously measured. Changes in the branching device characteristics resulting from this test
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which indicate permanent

damage shall be specified in the detail

specification.

a) CW test Launch 10 W power under launching in connector). Duration: 10 min. Remeasure branching b) Pulsed test Launch light as with CW test but with Q-switched duration between 0,2 ps and 0,8 ps. Number of pulses: lo4 light pulses at a repetition second. Remeasure branching Warning: device characteristics pulses at 1 kW peak power and a device characteristics and define changes. conditions that overfill the input port (fibre or fibre

rate between 10 and 1 000 pulses per

and define changes. (eye damage) associated with levels

There are potential involved in this test.

hazards

3.5.9

Modal noise

Under consideration.

3.6 3.6.1

Mechanical General

tests and measuring procedures

The purpose of these tests is to determine mechanical weakness and/or degradation specified performance levels and to decide whether the device is acceptable or not.

*in

These tests may be used, in some cases, to determine the structural integrity of the device, or to study its dynamic behaviour. It should be noted that the optical fibre connectors used in variant B, C and D devices shall be either IEC assessed connectors or subjected to the test requirements of IEC 874-l and also meet the requirements specified in the branching device detail specification.

3.6.1 .l 3.6.1 .l .l

General procedure Vibration, bump, shock, steady stare, acceleration tests

The device shall be mounted on the surface of the test apparatus either directly or by means of a rigid test fixture. The mounting points of the specimen shall move substantially in phase and parallel with the test apparatus. Connections to the specimen shall be arranged so that they impose similar restraint mass to that when the device is installed in actual operation. and
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IS QC 810000: 1994 IEC QC 810000 : 1992 Ports of the device shall be connected to suitable lengths of appropriate the device shall be mounted in one of the following ways:
_

cable and then

clamping both device and cables; clamping the cables only, leaving the devices freely suspended.

-

The type of test apparatus, the method of mounting the specimen, and the details of support and anchorage shall be specified in the relevant detail specification. 3,.6.1 .1.2 Strength of fibrekable nutation tests) retention (pulling, axial compression, torsion and

In the case of variant A and B branching fibrekable pigtail of the port being tested.

devices,

these

tests

apply to the integral

In the case of variant C branching devices, a connector/cable detail specification, is connected to the port being tested.

assembly,

specified

in the

In the case of variant 0 branching devices, either the first or the second case above applies, depending upon the particular port being tested. The device shall be rigidly mounted or clamped. A clamping device capable of gripping the buffered fibre or cable without slippage shall be used to induce the required motion and force to the buffered fibre or cable and shall be specified in the relevant detail specification. 3.6.1.2 General performance requirements

The device shall be subjected before, during (if applicable) and after testing to parameter measurements as required by the relevant detail specification. The following is a nonexhaustive, non-mandatory list of parameters which may be specified:

-

inspection

for physical damage:

transfer matrix coefficients; variation of transfer matrix coefficients.

3.6.2 3.6.2.1

Vibration Object

The object of this test is to determine the ability of a fibre optic branching device to withstand the effects of specified sinusoidal vibration that the device may encounter during actual operation. 3.6.2.2 Procedure

The device shall be subjected to test Fc of IEC 68-2-6.
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3.6.2.3

Test conditions in the detail specification shall be selected from

Preferably, the severities prescribed among the following values: -

0,75 mm constant displacement 98 m/s* constant acceleration swept frequency:
. . . . .

amplitude at frequencies amplitude above 60 Hz;

up to 60 Hz;

lOto55Hz 1Oto 150Hz lOto500Hz lOto2000Hz lOto5000Hz duration (equally divided-among the directions specified) 30 min or

- endurance 90 min.

The devices shall be vibrated in each of three perpendicular

directions.

3.6.3 3.6.3.1

Bump Object

The object of this test is to determine the suitability of a fibre optic branching device for applications where they are subjected to prolonged bumping and/or to assess its structural integrity. 3.6.3.2 Procedure

The device shall be subjected to test Eb of IEC 68-2-29. 3.6.3.3 Test conditions

Preferably, the severity prescribed in the detail specification shall be 4 000 f 10 bumps at an acceleration of 390 m/s* (40 g) with a pulse duration of 6 ms.

3.6.4 3.6.4.1

Shock Object

The object of this test is to determine the suitability of a fibre optic branching device when subjected to relatively infrequent non-repetitive mechanical shock likely to be encountered in service or during transportation and/or to assess its structural integrity.

3.6.4.2

Procedure

The device shall be subjected to test Ea of IEC 68-2-27.
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3.6.4.3

Test conditions in the detail specification shall

Preferably, the shock severity and the waveform prescribed be selected from the following values: 294 m/s2 acceleration 490 m/s2 acceleration 981 m/s2 acceleration 4 900 m/s2 acceleration semi-sinusoidal, semi-sinusoidal, semi-sinusoidal, semi-sinusoidal, 18 ms duration; 11 ms duration; 6 ms duration;

1 ms duration.

3.6.5 3.6.5.1

Acceleration, Object

steady state

The object of this test is to determine the structural suitability and the satisfactory performance of a fibre optic branching device when subjected to forces produced by steady acceleration environments (other than gravity) such as might occur in moving vehicles, especially flying vehicles, rotating parts and projectiles.

3.6.5.2

Procedure

The device shall be subjected to test Ga of IEC 68-2-7.
NOTE - For safety reasons, care should be taken to prevent the specimen under test frqm being thrown off if the mounting attachments are broken, but any safety devices used should not introduce additional constraints during the test.

.3.6.5.3

Test conditions

The following details shall be specified in the relevant detail specification: acceleration
c

level(s) among the following preferred values:
Acceleration level m/s2 49 99 196 490 960 1690 4900 9eoo 19600 49000 96600 196000 294000 Equivalent value 9" 5 10 20 60 100 200 !500 loo0 2ooo so00 loo00 2oooo 3oooo

-

duration of the test; specimen orientation and direction of acceleration.
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3.6.6 3.6.6.1

Impact Objecf device to withstand a

The object of this test is to determine the ability of the branching localized impact or a series of impacts with a hard object. 3.6.6.2 Procedure

The apparatus shown in figure 1 shalf comprise an anvil on which the branching device to be tested is .placed and a drop hammer of adjustable mass. In the apparatus shown, the drop hammer is raised and dropped by means of a driven crank coupled to the hammer by a cord and pulley. The hammer mass shall be adjusted hammer assembly. by means of applied weights rigidly fixed to the

The apparatus shall be operated at a steady rate for a duration which causes the specified number of impacts to be delivered.

50 mm

Drop 150 mm preferr Striking surface Semi-circular section

Specimen under drop hammer-

Anvil

R = not less than Yz x drop height +.lO mm

Figure 1
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3.6.6.3

Test conditions

The following details shall be specified in the detail specification: - radius of the semi-circular cylindrical following values: 5, 1.0, 20 mm; - mass of the hammer, preferably 1 000 g; hammer face, preferably selected from the

selected from the following

values:

100, 200, 500,

hardness of anvil and hammer face, preferably

Rockwell Rb 90; if other than the preferred value of

height of the hammer from the anvil surface, 150 mm;
_

orientation

of the specimen;

_

point of impact on the specimen; number of impacts.

3.6.7 3.6.7.1

Drop test Object device to withstand

The object of this test is to assess the ability of a fibre optic branching the impact it could receive when dropped on to a hard surface. 3.6.7.2 Procedure

If the device is normally provided for use with different types of cables, the thinnest most flexible type shall be used.

and

The specimen shall be attached in an appropriate manner so that the specimen may swing freely from a horizontal position to a vertical one. An appropriate manner may be the attachment to a swivel. In all cases, however, simply attaching the specimen to a hook may be sufficient. The specimen shall be attached at a specified height "h" above positioned such that the component will fall on it during the test. a horizontal plate

The specimen, attached at the specified height, shall be held in horizontal under tension at an altitude as specified and shall be dropped on to the plate.

position

not

This cycle shall be repeated a specified number of times and may be done with or without a protective cap as specified in the relevant detail specification. 3.6.7.3 Test conditions details shall be specified in the detail specification:

The following -

free cable length, & height, h, surface plate (length, width, thickness number of cycles. and material);
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The object of this test is to simulate the effect of loads applied to a branching device such as might occur when the branching device is in a vulnerable position on the ground or on a floor surface. 3.6.8.2 Procedure

The test equipment shall comprise a shallow box or tray, nominally 300 x 300 mm2, capable of housing a section of a representative ground or floor surface. Parallel to this test surface and above its centre shall be mounted a nominally 100 x 100 mm2 pad of resilient or rigid material, not less than 10 mm or more than 15 mm thick, and bonded to a non-yielding plate on its upper surface.

The object of this pad is to simulate normal footwear or a vehicle tyre.

A lever or slide mechanism shall be provided which permits the pad to move towards and press against the test device in response to a prescribed applied load. The branching device under test shall be placed centrally on the test surface prior to the application of the load. 3.6.8.3 Test conditions in the detail specification shall be

Preferably, the load and duration of the test prescribed selected from the following values: -

load: 500,l duration:

000,2

000,5 000 N;

1, 5, 10, 60 s.

The following details shall also be specified:
-

test surface; pad material and hardness; specimen orientation.

3.6.9 3.6.9.1

Pulling Object

The object of this test is to determine whether the device for fixing or clamping the fibre/cable pigtails to the branching device housing is effective when tensile axial forces are applied to the fibre/cable pigtails. 3.6.9.2 Procedure

A tensile force, as specified in the detail specification, shall be applied to the free end of the fibre/cable pigtail along the common axis of the fibre/cable and the device.
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The following details shall be specified by the detail specification: 3.6.9.4 value of the tensile force; point of application of the force expressed as a distance from the device housing; duration and method of application Additional requirements movement of the fibrekable sheath relative to the inlet/outlet of the tensile force.

There shall be no detectable of the device. 3.6.10 3.6.10.1 Axial compression Object

The purpose of this test is to determine the optical and mechanical axial force tending to thrust the optical fibrekable into the branching

effects of an applied device housing. device.

It is intended to simulate the effect of rough handling of a free or panel-mounted

3.6110.2

Procedure of the

An axial compressive force is applied smoothly to the specimen until the magnitude specified applied load is attained. The test equipment shall meet the following
-

requirements: over

the equipment shall include a clamping device capable of gripping a fibrekable a length equal to at least three times the diameter of the fibrekable;

another clamping device shall be capable of holding the housing device without causing damage;

of the branching force between the

- there should be a suitable gauge to measure the compressive fibrekable and the branching device housing. 3.6.10.3 T&t conditions

Preferably, the intensity of applied axial compressive force (as a function of fibrekable diameter) prescribed in the detail specification shall be selected.from the following values:
Fibrekable mm O-3 3-6 S-TO 10-20 > 20 diameter Axial compressive N 10 20 50 100 200 force
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I

duration of force application: rate of application

preferably

2 min; force.

of the compressive

3.6.10.4

Additional requirements
device and

There shall be no excessive movement between the cable and the branching no damage to the fibre, cable sheath, cable clamp, or cable seals.

3.611

Torsion Object
whether the device for fixing or clamping the housing is effective when torques are applied to

3.6.11.1

The object of this test is to determine fibrekable pigtail to the branching device the fibrekable pigtail. 3.6.11.2

Procedure

The branching device under test shall be fixed and a torque of a specified sense, duration and magnitude applied to the fibrekable pigtail. 3.6.11.3

Test conditions

The following details shall be specified in the detail specification:
. -

length of the fibrekable

pigtail;

value of the torque and point of application; duration and method of application of the torque.

3.6.11.4

Additional requirements
shall neither slip nor rotate in relation to the branching device housing.

The fibrekable

36.12

Mutation

Under consideration. 3.6.13

Storage life test

Under consideration.

3.7 3.7.1

Climatic

environmental

tests and measurement

procedures

General

The purpose of these tests is to determine the ability of a device to operate or to withstand storage within specified limits of temperature, pressure, humidity and other environmental conditions and certain combinations of these conditions.
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It should be noted that the optical fibre connectors used in variant B, C and D devices shall either be IEC assessed connectors or be subjected to the test conditions of IEC 874-1, and meet the requirements specified in the relevant branching device detail specification. In common with other components, the climatic category of an optical fibre branching device shall be expressed in the form prescribed by appendix A to IEC 68-l (as illustrated in 1.5.5 of this part of IEC 875). The minimum test procedures for establishing the performance device within a given climatic category are as follows: -

qualification

of a branching

low temperature: high temperature:

test Ab - Cold, of IEC 68-2:l; test Bd - Dry heat, of IEC 68-2-2;

duration of damp heat, steady state: test Ca - Damp heat, steady state, of IEC 68-2-3.

A limited range of climatic severities shall be prescribed shall be selected from the following preferred values:

in the detail specification

which

Duration Low temperature "C High temperature "C +30

of damp heat, days 4 10 21 55

steady state

*5 -10

+40
+55 +70 +85 +loo +125 +155 +175 +200

-25 -40 -55 -65

3.7.1 .l

General procedure cycles and subsequent recovery

The device to be tested shall be subjected to conditioning periods.

Appropriate cables shall be attached to branching devices having connector ports in accordance with the manufacturer's instructions, and the free end of each cable and of each pigtail fibre for variant A and D devices shall be treated to prevent ingress of moisture.
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Fixed devices shall be mounted as prescribed in the detail specification and the back of the panel portion of fixed items, where appropriate, shall be protected against ingress of moisture. 3.7.1.2 General performance requirements

The device shall be subjected before, during (if applicable) and after testing to parameter measurements as required by the relevant detail specification. The following specified: -

is a non-exhaustive,

non-mandatory

list of parameters

which

may be

inspection

for physical damage;

transfer matrix coefficients; variation of transfer matrix coefficients.

-

3.7.2 3.7.2.1

Cold object of branching devices for use and/or storage under

This test determines the suitability conditions of low temperature.

The procedure is for specimens which are subjected to a low temperature enough for them to achieve temperature stability. 3.7.2.2 Procedure with test Ab of IEC 68-2-l

for a time long

This test shall be carried out in accordance priate degree of severity.

using the appro-

In these tests, the specimen while being at the ambient temperature of the laboratory is introduced into the chamber, the latter also being at the temperature of the laboratory. The temperature is then adjusted to the degree of severity specified in the detail specification.

After temperature stability exposed to these conditions 3.7.2.3 Test conditions

of the test specimen has been reached, for the specified duration.

the specimen

is

The severities,

! detail specification

as indicated by temperature and duration of exposure, shall be selected from the following preferred values:

prescribed

in the

-

temperature:

(* 3 OC): -65, -55, -40, -25, -10, -5, +5 "C;

duration: 2, 16, 72, 96 h.

63

IS QC 810000 : 1994 IEC PC 810000 : 1992

3.7.3 3.7.3.1

Dry heat object

This test determines the suitability conditions of high temperature.

of branching

devices

for use and/or

storage

under

The procedure is for specimens which are subjected to an elevated temperature long enough for them to achieve temperature stability. 3.7.3.2
t"rOcedur8

for a time

This test shall be carried out in accordance priate degree of severity.

with test Bd of IEC 68-2-2 using the appro-

In this test, the specimen while being at the ambient temperature of the laboratory is introduced into the chamber, the latter also being at the temperature of the laboratory. The temperature is then adjusted to the degree of severity specified in the detail specification.

After temperature stability exposed to these conditions 3.7.3.3 Test conditions

of the test specimen has been for the specified duration.

reached,

the specimen

is

The severities, as indicated by temperature and duration of exposure specification, shall be selected from the following preferred values:

prescribed

in the

-

temperature duration:

(k 2 "C): +200, +175, +155, +125, +lOO, +65, +70, +55, +40, +30 "C;

2, 16, 72, 96 h.

3.7,4 3.7.4.1

Damp heat, steady state

Object
of branching devices for use and/or storage under

This test determines the suitability conditions of high relative humidity.

This test is primarily intended to permit the observation constant temperature over a prescribed period. 3.7.4.2
t'rocedure

of the effects of high humidity

at

The test shall be carried out in accordance priate degree of severity.

with test Ca of IEC 68-2-3 using the appro-

Before introducing the specimen into the chamber the specimen shall be subjected a temperature slightly superior to the temperature of the chamber to avoid condensation. The specimen shall be introduced by the detail specification.

to

into the chamber and subjected to the severity required
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At the end of the conditioning, the specimen shall be subjected to standard conditions for recovery for not less than 1 h and not more than 2 h. The detail specification shall state whether any special precautions ing removal of surface moisture.

atmospheric

shall be taken regard-

If the standard conditions given above are not appropriate for the specimen the detail specification may call for other recovery conditions. 3.7.4.3 Test conditions

to be tested,

The severity, as indicated by duration of exposure prescribed in the relevant specification, shall be selected from the following preferred values: 4, 10, 21, 56 days.

3.7.5 3.7.5.1

Climatic sequence Object

The object of this test is to provide standard climatic test procedures consisting of the sequential application of dry heat, damp, cold, low air pressure and further cycles of damp heat. This sequence is frequently used after mechanical tests such as vibration and bump as a means of checking that the sealing of the specimen has not been cracked or damaged by the mechanical tests. 3.7.5.2 Procedure

This test, which is based on the standard climatic sequence in clause 7 of IEC 68-1, is applicable to devices with climatic categories with 4, 10, 21 and 56 days of damp heat.

Summary of test sequence The test prescribed in this generic specification is a sequential climatic procedure in which components are exposed to a number of climatic conditioning tests in a fixed order. The specimen is, unless otherwise stated in the detail specification, first exposed to upper climatic category temperatures and then to a cycle of damp heat at 55 "C. The damp heat is immediately followed by a cold test so that any water which has entered the specimen. via surface cracks in the seals of the specimen will be frozen and cause further damage. Low air pressure completes the check on the sealing of the specimen. Then the specimen is exposed to one or five cycles of damp heat.

A more severe conditioning is given by method 2 which interposes each of the damp heat cycles.

a cold test between

A short climatic sequence for lot-by-lot acceptance testing is given by method 3. The specimen under test shall be preconditioned as prescribed in the detail specification.
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Method 1

a) The specimen shall be subjected to test Ba of IEC 68-2-2 at the upper climatic category temperature or the temperature prescribed in the detail specification. Where prescribed in the detail specification, specimen while at the hlgh temperature. b) The specimen shall be visually examined. c) An interval not exceeding 72 h is permitted at this stage of the procedure. During the interval the specimen shall be kept under normal laboratory ambient conditions (15 "C to 35 "C). d) Any specimens with climatic category -/-/4, -MO, -/-/21 or -/-I56 shall be subjected to test Db of IEC 68-2-30 for one cycle of 24 h followed by a recovery period of 15 h to 2 h. e) Immediately after the damp heat cycle, the specimen shall be subjected to test Aa of IEC 68-2-i for a period of 2 h at the lowest climatic category temperature or the temperature prescribed in the detail specification. Where prescribed in the detail specification, specimen while at the low temperature. measurement may be made on the measurements may be made on the

f) An interval not exceeding 72 h is permitted at this state of the procedure. During the interval the specimen shall be kept under normal laboratory ambient conditions (15 "C to 35 "C). g) The specimen shall then be subjected to test M of IEC 68-2-13, using the degree of severity described in the detail specification. The low temperature conditioning shall be carried out at 15 "C to 35 "C for 1 h unless otherwise prescribed in the detail specification.

h) An interval not exceeding 72 h is permitted at this stage of the procedure. During the interval the specimen shall be kept under normal ambient conditions (15 "C to 35 "C). i) The specimen number of cycles: shall then be subjected to test Db of IEC 68-2-30 for the following

I

Category -1-166 -1-12 1 -I-/l 0 -1-14

I

Number of cycles 5 1 1 1

I

j) Where prescribed in the detail specification, the specimen shall be removed from the chamber after the specified number of cycles, shaken so to remove droplets of water, and within 15 min shall be subjected to the prescribed optical and mechanical tests.
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k) The specimen shall be allowed atmospheric conditions for recovery.

to recover

for 1,5 h to 2 h under

standard

I) The specimen shall be visually inspected and shall be optically and mechanically tested as prescribed in the detail specification and shall meet the requirements specified therein. m) Where extended recovery is prescribed in the detail specification, the specimen shall remain under standard atmospheric conditions for recovery for a further period of 24 h. At the end of this period, the specimen shall be visually inspected and shall be optically and mechanically tested as prescribed in the detail specification and shall meet the requirements specified therein.

3.7.5.4

Method 2
of category -L/56 where required in the detail

This method shall be applied to specimens specification. a) The specimen method 1. shall be subjected

to the procedures

of points a) to h) inclusive

of

b) The specimen shall then be subjected to test Db of IEC 68-2-30 for one cycle of 24 h followed by a recovery period of 1.5 h to 2 h. c) Immediately after the damp heat cycle, the specimen of IEC 68-2-l for a period of 2 h at the lower climatic temperature prescribed in the detail specification. shall be subjected to test Aa category temperature or the

d) The specimen shall be subjected to the procedures of points b) and c) for a further three times followed by the procedure of b). Where the length of time taken for' this series of cycles makes it necessary to interrupt the procedure, one interval not exceeding 72 h is permitted in the procedure. Any such interruption must occur between a cold cycle and the following damp heat cycle. e) Where prescribed in the detail specification, the specimen shall then be removed from the chamber, shaken so as to remove droplets of water, and shall be subjected within 15 min to the prescribed optical and mechanical tests. f) The specimen shall be allowed atmospheric conditions for recovery. to recover for 1,s h to 2 h under standard

g) The specimen shall be visually inspected and shall be optically and mechanically checked as prescribed in the detail specification and shall meet the requirements specified therein. h) Where extended recovery is prescribed in the specification, the specimen shall remain under standard atmospheric conditions for recovery for a further period of 24 h. At the end of this period, the specimen shall be visually inspected and shall be optically and mechanically checked as prescribed in the detail specification and shall meet the requirements specified therein.
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The procedure is the same as method 1 except that:
a) there shall be no requirement (point b) of method 1); for visual inspection after the dry heat conditioning

b) the low pressure conditioning (point g) of method 1) for test M shall be applied Only where prescribed by the detail specification; c) in the second application of cycle damp heat conditioning (point i) of method 1) for test Db of IEC 68-2-30, the specimen shall be subjected to only one cycle.

3.7.6 3.7.6.1

Condensation Object

(composite temperature/humidity

cyclic test)

The object of this test is to reveal defects in an optical fibre branching

device caused by "breathing" as distinct from absorption of moisture. The test covers the effect of the freezing of trapped water in cracks and fissures as well as condensation.

However, the degree of condensation the device.

will vary depending

on the size and thermal mass of

This type of test is particularly important for components materials, especially those including glass joints. 3.7.6.2 Procedure

comprising

a variety of different

This test shall be carried out in accordance with test UAD of IEC 68-2-38.

3.7.6.3

Test conditions

This test differs from other cyclic damp heat tests in that it derives its increased severity specified in the detail specification from:

a) a greater number of temperature variations or "pumping" actions in a given time; b) a greater cyclic temperature
d) the inclusion range;

c) a higher rate of change of temperature; of a number of excursions to sub-zero temperatures.

3.7.7
3.7.7.1

Rapid change of temperature Object

The purpose of this test is to determine the ability of a branching

device to withstand rapid

changes of ambient temperature.
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3.7.7.2

Procedure
with test Na or test Nb of IEC 68-2-14.

The test shall be carried out in accordance 3.7.7.3

Test conditions

For test Na the severity specified in the detail specification is defined by the combination of the two temperatures and the number of cycles; for test Nb the specified severity is defined by the combination of the two temperatures, the rate of cooling and heating and the number of cycles.

3.7.8

High temperature endurance

3.7.8.1

Procedure

The chamber used for this test shall be capable of maintaining, in any region where the specimens are placed, the specified endurance temperature with a tolerance of &5 "C. The chamber shall be so constructed that in no region where the specimens are placed shall they be subjected !o direct radiation from the heating elements of the chamber.

Unless otherwise specified in the detail specification, the specimens shall be introduced into the chamber, the atmosphere of which is 70 % relative humidity at the specified endurance temperature. The specified temperature shall be applied to the specimens and an appropriate period allowed for the temperature of the specimens to stabilize. The temperature of the chamber shall then be increased until the specified endurance temperature is reached. The endurance temperature applied to the specimens shall be maintained for the prescribed duration. After completion of the test, the specimens subjected to standard recovery conditions. 3.7.8.2 shall be removed from the chamber and

Test conditions

This test shall be carried out on the branching device while the optical performances are measured. The duration of exposure and the temperature severity specified in the detail specification shall be selected from the following values: ? temperature: duration: 30,40, 55, 70. 85,100, 125,155, 175, 200 "C

5.25,

50, 100, 500, 1 000, 2 000 h

3.7.9

Sealing Object
device by evaluat-

3.7.9.1

The object of this test is to verify the hermetic sealing of the branching ing the leak rates with a tracer gas (helium) and a mass spectrometer.

3.7.9.2

Procedure

The test shall be carried out in accordance with test Qk of IEC 66-2-17.
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3.7.9.3

Test conditiotis

The detail specification shall state the applicable severity chosen from table IV of IEC 68-2-17.

3.7.10 3.7.10.1

Immersion Object device when

The object of this test is to determine the watertightness of a branching subjected to immersion under stated conditions of pressure and time. 3.7.10.2 Procedure by immersion

The specimen is submitted to a specified pressure specified depth or in a high pressure water chamber.

in a water tank at a

The test shall be carried dut in accordance with test Qf of IEC 68-2-17. 3.7.10.3 Test `conditions specified in the detail specification shall be selected from the fol-

Preferably, the severities low,ing values: -

head of watrr: 0,15; 0,40; 1; 15; 4; 6; 10; 15 m; duration: 30 min, 2 h, 24 h. prescribed in the detail specification the specimen under test shall not

Unless otherwise be in operation. 3.7.11 3.7.11 .I

Corrosive atmosphere Object
'

(salt mist)

The object of this test is to compare the resistance to deterioration from salt mist of specimens of similar construction. It is useful for evaluating the quality and the uniformity of protective coatings. 3.7.11.2 Procedure

This test shall be carried out in accordance with test Ka of IEC 68-2-l 1. 3.7.11.3 Test conditions

The detail specification shall prescribe the cleaning procedure to be applied immediately before the test. The cleaning method used shall not interfere with the effect of the salt mist on the test specimen or introduce any secondary corrosion.

3.7.12 3.7.12.1

Industrial atmospheie Objebt of atmosphere containing sulphur

i

The object of this test is to determine the influence dioxide on the optical properties of branching devices.
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This test shall be carried out in accordance with test Kc of IEC 68-2-42. 3.7.12.3 Test conditions of. the atmosphere within the test chamber shall satisfy the following

The composition conditions:
-

sulphur dioxide (V/V) 25 x 10e6 f 5 x 10e6; temperature: 25 OC f 2 OC;

3.7.13

relative humidity: 75 %. Flammability Object the ignition duration of a branching device when

3.7.13.1

The object of this test is to determine subjected to the application of a flame. 3.7.13.2 Procedure

This test shall be carried out in accordance with IEC 695-2-2. 3.7.13.3 Test conditions

The axis of the flame shall be 45" to the vertical plane. The orientation of the specimen, the point of impingement and the duration of application of flame shall be specified in the detail specification. 3.7.13.4 Additional requirements prescribed in the detail specification.

The ignition duration shall meet the requirements

3.7.14 3.7.14.1

Mould growth Object the effect of mould on the optical.properties of a

The object of this test is to determine branching device. 3.7.14.2 Procedure

This test shall be carried out in accordance with test J of IEC 68-2-10. Warning: There are potential hazards associated with these should be given to annex A of IEC 68-2-10. Test conditions tests and attention

3.7.14.3

The duration of the test shall be 84 days unless otherwise specified in the detail specification and shall not be prescribed if the information can be obtained from the individual material specifications.
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3.7.15 3.7.15.1

Low air pressure Object

The object of the test is to determine the effects of reduced air pressure, such as might be encountered at high altitude, on the optical properties of branching devices. 3.7.15.2 Procedure

This test shall be carried out in accordance with test M of IEC 68-2-13. 3.7.15.3 Test conditions and

The severities prescribed in the detail specification, as indicated by air pressure duration of exposure, shall preferably be selected from the following values:
-

air pressure:

1, 2, 4, 8, 15, 25, 40, 55, 70, 84 kPa;

duration: 5 min, 30 min, 2 h, 4 h, 15 h.

3.7.16 3.7.16.1

Solar radiation Object

The purpose of this test is to assess the effect of solar radiation on the materials constituting a fibre optic branching device and hence any deterioration in its optical or mechanical characteristics. This test shall be prescribed in the detail specification only when information on the effect of solar radiation in the individual constituent materials or ports is not available, or when the overall effect on device performance cannot be predicted.`

3.7.16.2

Procedure

This test shall be carried out in accordance with test Sa of IEC 68-2-5. Warning: The attention of intending users of solar radiation tests is drawn to the health hazards a@ociated with tests of this nature. Users should therefore read clause 9 of lEC 68-2-9 and take particular note of its contents.

3.7.16.3

Test conditions shall be prescribed in the detail specification.

The severities 3.7.17

Nuclear radiation

Because of the wide range of possible radiation conditions, coupled with uncertainty regarding specific effects, it is recommended that branching devices and attached fibre/cables should be tested under the radiation conditions likely to be incurred during use. It is therefore recommended that such test conditions and requirements should be given in the appropriate detail specification.
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The object of this test is to determine encounter during actual operation. 3.7.18.2 Test procedure

The branching device shall be immersed for a specified period in specified fluids. separate specimen shall be used for each fluid to which the device is declared resistant.

A

After the period of immersion, the specimen allowed to dry for a specified period. 3.7.18.3 Test conditions

shall be wiped clean of surplus

fluid and

Unless otherwise -

specified in the detail specification: shall be selected from the lists given below;

fluids and their related test temperature the immersion period is 18 h; the drying period is 2 h at 70 "C. lubricants, hydraulic fluids

List No. 1: fuels, temperatures.

and anti-freeze

agents

and related

test

Chemical description

Test temperature "C 40 f 2 70 f 2 150f2 70 f 2 20 f 2 70 f 2 150f2 20 f 2 20 f 2

-

A mixture of toluene (aromatic) 30 % and iso-octane (aliphatic) 70 % (V/V) Wide cut aviation turbine fuel Di-octyl sebacate (aircraft turbine engine lubrication oil) Mineral oil, viscosity approximately 15 cSt at 38 "C Castor oil 20 %, P-ethoxyethanol 80 % V/V (this represents a normal hydraulic fluid) Phosphate ester hydraulic fluid (synthetic hydraulic fluid) Dimethyl silicone fluid (high temperature hydraulic fluid) Monopropylene glycol (de-icing fluid) Lithium soap/synthetic oil grease (low temperature grease)

-

List No. 2: cleaning

agents and moisture repellents and related test temperatures

Chemical description

I
Carbon tetrachloride Trichloroethylene, type C White spirit Petroleum jelly

Test temperature "C :5to35 15 to 35 15 to 35 15 to 35

-
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Annex A
(normative)

The transfer matrix: adopted convention

According to the adopted convention,

the transfer matrix

?l 121

t,*.

.

.

`ln

T=
r nl

`ij

t nn

enables calculation

of the input and output optical transmission S=ET

through n ports as follows: (1)

where E and S are, row matrices ports,. respectively, i.e.:

associated

with optical power at the input and output

E = [el . . . ei . .. en ] Equation 1 is the abbreviated and outputs:
sl =

S = [sl . . . sj .. . s, ] linear transfor.mation between inputs

form of the following

t,,

e, + . . . . . + til ei + . . .. .
+ . . . . . + tij

+

61

en

7 =
`n c

tlj

e,

ei + . .. .. +

`nj en

`In

ei

+

.....

+

tin ei + . . . . . +

L-4 en

NOTE matrices

- This matrix representation

assumes

Ihat the devices are ideally linear. Coefficients and polarization, so it is necessary

of the E and S when

may depend on time, wavelength

to be very careful

using this linear transformation.
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Annex B
(informative)

Diagram of the IEC specification

system

The diagram shows the relationship of this generic specification to the subsidiary sectional specifications and their associated blank detail and detail specifications. fhe specification numbers are for example only.
IEC QC 810000 Generic specification .= General (scope, object) . Quality assessment procedures . Test and measuring methods

IEC QC 810100 Sectional specification Non-wavelength selective branching device Scope, object, types .. Qualification approval tests Fixed sample tests Lot-by-lot tests Periodic tests . Standard conditions for testing
l l

IEC QC 810200 Sectional specification Wavelength selective branching device Scope, object, types . Qualification approval tests Fixed sample tests Lot-by-lot tests Periodic tests . Standard conditions for testing IEC QC 816201 Blank detail specification . Pro forma for preparation specification -\ \ of detail

IEC QC 810101 Blank detail specification . Pro forma for preparation specification /\ of detail

' \
IEC QC 810101-001 Detail specification

\

\

Y

\

\

IEC QC 810101 - 001 Detail specification . Description of type, function . Classification characteristics' Optical properties Style and variant Rating and characteristics . Outline drawings . Test requirements 0 Safety

\

\

\

`4
IEC QC 810201-001 Detail specification

NOTE - A detail specification

is a `completed'

blank detail specification.

Figure B.l,
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